Dementia is defined as a severe form of cognitive impairment. Research concerning the two-way relationship between depression and cognitive impairment has been conducted; however, there has been little analysis of cognitive function following changes in depressive status. This study describes the association between changes in depressive state and cognitive function in a Korean geriatric population sample. Using the Korean Longitudinal Study of Aging (KLoSA) database, Mini-Mental State Examination (MMSE) scores and Center for Epidemiologic Studies Depression Scale (CESD-10) indexes were used for measuring cognitive function and depression, respectively. The survey population was divided into four case categories by change in depressive status: normal to normal (Group A), normal to depressive (Group B), depressive to normal (Group C), and depressive to depressive (Group D). Analysis of variance, multiple regression analysis, and subgroup analysis were used for statistical examination. In the multiple regression analysis between MMSE values and depressive status change groups, with Group A as the reference, β in all other groups was negative, and its absolute value was large in the order of D, B, and C in both men (B: −0.717, C: −0.416, D: −1.539) and women (B: −0.629, C: −0.430, D: −1.143). There were also significant results in the subgroup analysis in terms of age, working status, participation in social activities, regular physical activities, and number of chronic medical conditions. In conclusion, both cases-those suffering from depression and those having suffered from it before-experience cognitive impairment. The degree of cognitive function being impaired is greater in the case of depression-onset than that of depression-remission. Age, stimulating activities, and chronic conditions are also strongly relevant to cognitive decline accompanied by changes in depressive state.
Introduction
One of the many visible trends in an aging population is a decline in cognitive abilities. While such symptoms may be expected as one ages, it may also point to the onset of geriatric neurodegenerative diseases. In particular, dementia is a severe form of cognitive impairment. As one of the most common diseases in the world, the number of patients is expected to increase from around 47 million globally in 2015 to 66 million by 2030 and 115 million by 2050 [1] . Because dementia is accompanied by serious cognitive impairment, affecting one's everyday life, it is a heavy burden for those with the disease, their families, and society [2] . Among many neuropsychiatric symptoms, depression is reported to be correlated with both cognitive impairment [3] [4] [5] and dementia [6, 7] . In one umbrella review, late-life depression was considered to be a convincing environmental risk factor for all types of dementia, and it is postulated that "depression may be an early reaction to perceived cognitive decline" [8] . In the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition), one of the diagnosis criteria for major depressive disorder-"diminished ability to think or concentrate, or indecisiveness, nearly every day"-seems to infer the association between a depressive state and cognitive decline as well [9] .
With growing evidence suggesting the possible linkage between depressive symptoms and cognitive decline, numerous researches have been conducted to gain advanced understanding of the association. This research has suggested the negative impact of both depression-onset and depression-remission on cognitive function [4, 5, 10] , which is supported by some studies suggesting that cognitive deficits are at least a persistent feature, if not a core symptom, of depression [4, [11] [12] [13] . However, as these studies only account for cognitive abilities corresponding to a one-sided change in depressive state-'good to bad' or 'bad to good'-direct comparison between changes in cognitive function corresponding to the two opposite depression change directions seems to be inappropriate due to differences in the data employed or variations in the study design. Accordingly, we multi-directionally investigated the association between the change in depressive state and cognitive function, measured by the Center for Epidemiologic Studies Depression Scale (CESD-10) index and Mini-Mental State Examination (MMSE), respectively, using the Korean Longitudinal Study of Aging (KLoSA) database.
Method

Study Population
The Korean Longitudinal Study of Aging database compiles data from the Korean population aged above 45 years (with the exception of those inhabiting Jeju Island). Every two years, beginning in 2006, a self-reported baseline survey has been conducted of the study population. Every two years since 2007, a self-reported in-depth survey of the study population on topics not examined in the baseline survey has been conducted. Baseline data are categorized into eight groups: population, family (children and grandchildren), family (parents and siblings), health status, employment, income, assets, and subjective quality of life. In this study, however, the first baseline survey was excluded, because CESD-10, one of our key variables, was not surveyed in 2006. Moreover, the most recent survey, the seventh baseline survey, was conducted in 2018, but the data are not yet available for general use. Therefore, in our study we employed baseline survey data from 2008 to 2016, resulting in a total of five datasets.
Baseline characteristics were analyzed for the study population in 2008. Deletion of data with missing values for the key variables as well as covariates resulted in a total of 3031 for the male population and 3958 for the female population. For statistical analysis, each change in depression status in the population from 2008 to 2016, rather than the population number itself, was treated as an individual case.
Variables
For measurement of cognitive function, the Mini-Mental State Examination score was used [14, 15] . This was categorized by the KLoSA database as follows: normal (24 or more), mild cognitive impairment (18) (19) (20) (21) (22) (23) , and dementia (17 or less). We used the mean MMSE score, however, which means that the MMSE score was employed as a raw index, because the MMSE alone is not appropriate for diagnostic purpose [16, 17] and we wanted to examine the results in detail.
For measurement of depressive state, the Center for Epidemiologic Studies Depression Scale score was used [18, 19] . While the KLoSA database provides the score as a raw index ranging from 0 to 10, we categorized those who score 3 or less as normal and those who score 4 or more as depressive [19] for the purpose of our study. The development of depression in individuals across each survey period, meaning changes in depressive status from the participant's previous responses, was considered to be a separate case. Thus, if a participant had n changes in depression state over the five waves of the survey, he or she would account for n cases. Each case was then categorized in order to divide the survey population into four case groups. For simplicity, each group (termed 'depression change groups') was assigned a label:
• Group A, normal to normal (without depression for the past two years); • Group B, normal to depressive (having developed depression in the past two years); • Group C, depressive to normal (having been cured of depression in the past two years); • Group D, depressive to depressive (having depression for the past two years).
This categorization allowed the comparison of MMSE scores between depression change groups.
Covariates
Demographic characteristics were included as covariates. The covariates are listed as follows: age (categorical: 45-54, 55-64, 65-74, or 75 years and over), educational level (categorical: elementary school or less, middle school, high school, or university or beyond), region (categorical: metropolitan or rural), working status (categorical: working or non-working), household income (categorical: low, mid-low, mid-high, or high), participation in social activities (categorical: no or yes), perceived health status (categorical: healthy, average, or unhealthy), regular physical activities (categorical: yes or no), smoking (categorical: current, former, or never), alcohol intake (categorical: yes or no), number of chronic medical conditions (categorical: none, 1, or ≥2), weight change of ≥5 kg in the past year (categorical: no change, increase, decrease, or fluctuations), and number of cohabiting generations (categorical: couple, two generations, or over two generations). All multivariable models controlled for all covariates unless stated otherwise.
Statistical Analysis
All analysis was carried out separately for men and women. Analysis of variance (ANOVA) was carried out to obtain descriptive statistics. To confirm the patterns of difference among the interesting variable groups (changes in depressive state), we performed post hoc analysis using the Tukey method. A generalized estimating equation (GEE) model was employed for regression analysis between MMSE scores and the dependent variables, including depression development. Regression coefficients, indicated as β, and standard errors were thus acquired.
Subgroup analysis was performed for in-depth study into interactions between depression and other variables with regards to MMSE scores. Other variables included working status, participation in social activities, regular physical activities, number of chronic medical conditions, and weight change of ≥5 kg in the past year.
All p-values were accepted as significant if lower than 0.05. A p-value lower than 0.001 was considered to indicate a very high significance level. All analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, North Carolina, CA, USA).
Results
Baseline characteristics are displayed in Table 1 . Effect size among three different models was also examined (Table A1 ). It is also noted that the variance inflation value for the multicollinearity of the covariates included in this study ranged from 1.03 to 2.03, which means that the variables were independent. It is notable that the differences in the mean MMSE scores between depression change groups are considered highly statistically significant (p < 0.0001). Post hoc analysis using the Tukey method showed statistically significant differences between all groups (Tables A2 and A3 ). Other covariates such as age, educational level, working status, participation in social activities, perceived health status, regular physical activities, and weight change of ≥5kg in the past year were also highly significant for both men and women (p < 0.0001). Household income was also significant for both sexes (p < 0.05). Table 2 shows multiple regression analysis results between MMSE values and depression change groups. Group A was set as the reference value. For men, the regression coefficient is shown to have a decrease of 0.717 in Group B, a lesser decrease of 0.416 in Group C, and a greater decrease of 1.539 in Group D. Similarly, women's cases in Group B show a regression coefficient of −0.629, a value of −0.430 in Group C, and a more negative regression coefficient of −1.413 in Group D. This trend of the degree of cognitive impairment being severe in the order of Group D, B, C, and A is also shown in Tables A4-A6, which include parallel multiple regression analyses setting Group B-D as the reference, respectively. It is notable that Group C shows the smallest decrease in the regression coefficient for both sexes; Group D, on the other hand, shows the largest decrease in the coefficient for both genders. The results of other covariates can also be observed: age groups for one show significant results. In particular, while the regression coefficient can be observed to increase until the age of 64, a definite decrease in the coefficient is seen in both men and women who are 75 years of age or older. Educational level is also a highly significant variable, as a lower educational level tends to result in a diminished regression coefficient in both sexes. Those with an educational level of elementary school or less, especially, show a strong decrease in the regression coefficient when compared with the group of university education or beyond. It is also notable that the regression coefficient for women is about twice that of men in each category, meaning a steeper difference trend from the reference value for women.
In terms of weight change, fluctuations and a decrease in weight were both seen to result in a decrease in the regression coefficient compared with no change, with fluctuations being especially significant. It is also noted that compared with those living with family over two generations, those living only with a spouse had the greatest regression coefficient, followed by those living with two generations. Women in rural areas show a lower regression coefficient, while region seems to have little significance in men. Low and mid-low household income levels show decreased regression coefficients in men, compared with the high household income level. In women, the mid-low household income group shows a greater regression coefficient compared with the high household income group, whereas the low household income group has a lesser one. Working status, participation in social activities, physical activities, alcohol intake, and perceived health status were revealed to be important factors, with those working, participating in social activities, doing regular physical activities, drinking, and with a more positive perception of their health status showing greater regression coefficient values. Smoking status and the number of chronic medical conditions seem to have little or no direct correlation with the MMSE score. Table 3 shows the results of subgroup analysis of depression development with MMSE. In terms of age, a trend can be identified showing that groups of more advanced age have a smaller regression coefficient regardless of gender and depression development groups. Regarding working status, participation in social activities, and regular physical activities, those who responded positively (working, yes, and yes, respectively) show a bigger regression coefficient than those who responded negatively (non-working, no, and no) irrespective of gender and depression change groups. It is noteworthy that in both genders and all depression change groups, those without chronic medical conditions show a bigger regression coefficient than those who do suffer from such conditions. 
Discussion
We investigated the association between the change in depressive state and cognitive function multi-directionally by comparing every case of depressive state change (normal to normal, normal to depressive, depressive to normal, depressive to depressive). Our findings reveal that those who have suffered from depression experience a decline in cognitive function. An interesting point is that people experience cognitive impairment not only in the case of depression-onset (normal to depressive) but also depression-remission (depressive to normal). Meanwhile, the latter case experiences moderate decline in cognitive function when compared with the former case. We also examined some meaningful results in terms of age, working status, participation in social activities, regular physical activities, and number of chronic medical conditions.
Our results suggest that those who experience a change in depressive state undergo cognitive impairment. In Table 2 , the negative value of the regression coefficient for Group B indicates that the onset of depression is associated with a decline in cognitive abilities, which is consistent with the findings of numerous previous studies [4, 5, 20, 21] . Meanwhile, the regression coefficient for Group C, also negative, indicates that remission of depression is associated with a decline in cognitive abilities as well. Numerous studies report the possibly persistent feature of cognitive impairment after remission of depression episodes [12, [22] [23] [24] . Indeed, Maria Semkovska et al. state, "Deficits in selective attention, working memory, and long-term memory persist in remission from a major depressive episode and worsen with repeated episodes" [10] . These findings are in line with preceding studies suggesting that antidepressant medication only remedies patients' mood disorders but cannot improve cognitive dysfunction [25, 26] . It is inappropriate, however, to propose that antidepressant medication is useless, because there is evidence of the efficacy of drugs: "Antidepressant drugs mitigate cognitive dysfunction in some people with Major Depressive Disorder" [25] . Instead, we might be able to suggest that antidepressant medication cannot 'fully' improve cognitive dysfunction. Then, it is notable that those whose depressive symptoms remit experience less decline in cognitive abilities than those who develop depression. The negative value of the regression coefficient for Group B in Table A5 , which sets Group C as the reference value, agrees with this finding.
There are also meaningful results which can be derived from Tables 1 and 3 . First, aging is associated considerably with decline in cognitive function, which is in line with common sense and preceding studies [27, 28] . Not only do one's cognitive abilities deteriorate as one gets older, but the degree of decline in cognitive impairment increases as well. This can be verified from our results: the older the population, the lower the mean MMSE score in Table 1 and the smaller the regression coefficient in Table 3 . Second, those living a stimulating life experience less cognitive impairment accompanied with change in depressive state. Abovementioned 'stimulating life' corresponds to 'working', 'participating in social activities', and 'doing regular physical activities' in our study. In Table 3 , the absolute values of regression coefficients of those who work, participate in social activities, and do regular physical activities are all smaller than the opposite. Numerous studies concerning this issue are consistent with the results [29] [30] [31] [32] [33] [34] . Third, those with a greater number of chronic medical conditions experience more severe cognitive impairment accompanied with change in depressive state. This can be inferred from the following tendency: the greater the number of chronic medical conditions, the smaller the regression coefficient in Table 3 . In this regard, Joshua Chodosh et al. suggest that depressive symptoms and chronic disease contribute to poorer cognitive function independently [35] . In other words, those with both depression and chronic disease experience more intense cognitive decline than those without the latter. These findings also support previous research suggesting that "performance on most cognitive measure was poorer in the presence of hypertension or DM as compared with other chronic disease" [36] .
Some limitations should be noted. First, the possible bias due to the nature of the survey method should be addressed: the KLoSA database used for the study is based on self-reported investigation. Because it is not a clinical diagnosis but a subjective judgement by the individual, it may not represent the subject's health condition as it is, whether intended or not. Second, the results may have been exaggerated for the reason that the passage of time during the investigation may accompany cognitive decline as mentioned above. Because our key variable-changes in depressive state-inevitably involves the passage of time, regression coefficients of Tables 2 and 3 include not only the association between changes in depressive state and cognitive function but also cognitive decline accompanying aging. Third, the causal link between changes in depressive state and cognitive function cannot be addressed, because the study is not based on prospective study design. In this regard, it would be enlightening to investigate the causal relationship between them with a prospective study design.
The strength of our study, however, is that we analyzed cognitive abilities corresponding to depression change multi-directionally by comparing every case of depression change (normal to normal, normal to depressive, depressive to normal, and depressive to depressive), whereas numerous previous studies concentrated on cognitive impairment either when having developed depression or having been cured of depression. With this wider viewpoint, direct comparison between changes in cognitive abilities corresponding to two opposite depression change directions becomes possible, making the study more comprehensive. Another characteristic of the study is that it examines the degree of change in an individual's own cognitive abilities, whereas most previous studies compared subjects' cognitive abilities with those of other individuals. In other words, while most previous studies compared the cognitive abilities of a depressive with that of another who is in a normal mood, our study compared the degree of change in cognitive abilities between four depression change groups. Lastly, it is also noticeable that the MMSE, the measure of cognitive abilities, was employed as a raw index, not as a criterion for dividing normal cognition, mild cognitive impairment, and dementia. As the raw MMSE score is a continuous variable, it was possible to establish more meaningful intergroup comparisons and concrete results.
Conclusions
In summary, there is a significant association between changes in depressive state and cognitive function: regardless of the direction in which depressive state changes, cognitive function is damaged. The degree of cognitive function being impaired is greater in the case of depression-onset than that of depression-remission. It is also found that age, stimulating activities, and chronic conditions have a remarkable relevance for cognitive decline accompanied with change in depressive state. The strength of our research lies in the fact that interpretations were conducted by case-categorizing types of depression change, which makes the discussion more comprehensive. However, due to the limitations of the study design, causation cannot be addressed. Further studies using a prospective study design would be worthwhile. 
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